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Method of Forming A Perfluorinated, Thermoplastic Hollow Fiber Module 



5 The present invention relates to a method of forming a hollow fiber membrane module. 

More particularly, it relates to a method of making a hollow fiber module wherein the fibers and 
potting compound are both fonned of one or more thermoplastic, perfluorinated resins. 

BACKGROUND OF THE INVENTION 

10 

A hollow fiber membrane is a tubular filament comprising an inner diameter and an outer 

Hi? 

11 diameter having a wall thickness between them. Typically, this wall thickness is porous. The inner 
=;5 diameter defines the hollow portion of the fiber and is used to carry fluid, either the feed fluid to be 
^5! filtered, or the permeating fluid, when the fluid being filtered contacts the outer surface. The inner 
□ 1 5 hollow portion is typically referred to as a lumen. 

f Hollow fiber membrane devices have been used in many applications in the 

O pharmaceutical, food, beverage and semiconductor industries including gas separation, reverse 
ri I osmosis, ultrafiltration and particle and bacteria removal with microporous membranes. In these 
% applications, the membrane acts as a permeable barrier, allowing the passage of the carrier fluid 
20 and some dissolved or dispensed species, and retaining other selected species do to differences in 
species size, permeation rates, or other physical or chemical attributes. These devices have the 
unique feature of requiring no support stojctures for the membranes as a result of their tubular 
geometry which makes the membrane self supporting. 

In practical applications, fiber is cut or othenwise made to a specific length and a number of 
25 fibers are gathered into a bundle. A portion of one or both ends of the fiber bundle are 
encapsulated in a material which fills the interstitial volume between the fibers and forms a 
tubesheet. This process is sometimes called potting the fibers and the material used to pot the 
fibers is called the potting material. The tubesheet acts as a seal in conjuncfion with a filtration 
device, such as a housing or cartridge. If the encapsulation process closes and seals the fiber 
30 ends, one or both ends of the fiber bundle are cut across the diameter or otherwise opened. In 
some cases, the open ends of the fiber bundle are deliberately closed or sealed before potting to 
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prevent the potting material from entering the open ends of the fibers. If only one end is to be 
opened to permit fluid fiuw, the olher end is left closed or is sealed. The filtraticr. device siippcrts 
thfl tiihflsheef and provides a volume for the fluid to be filtered and its concentrate, separate from 
the permeating fluid. In use, a fluid stream contacts one surface and separation occurs at the 
5 surface or within the depth of the fiber wall. If the fiber outer surface is contacted, the penneating 
fluid and species pass through the fiber wall and are collected in the lumen where it is directed to 
the open end or ends of the fiber. If the fiber inner surface is contacted, the fluid stream to be 
filtered is fed into the open end or ends and the permeating fluid and species pass through the fiber 
wall and are collected from the outer surface. 
1 0 Most hollow fiber membrane devices are formed by potting the ends of the bundle of 

fibers in an adhesive such as an epoxy or urethane resins. These membranes have been found to 
be deficient in purity as well as in their capability for resisting aggressive or corrosive chemicals 
and solvents. For example, the organic solvent-based solutions used in wafer coating processes in 
the microelectronics industry will dissolve or swelling and weaken epoxy or urethane potting 
r\ 15 materials. Additionally, the high temperature stripping baths in this industry consist of highly acidic 

' and oxidative materials which destroy such potting compounds. 
Q More recently, it has been proposed to pot these membranes in a thermoplastic resin, in 

f\\ particular to use thermoplastics such as polyethylene or polypropylene and in some instances 

; 5;;? 

:F ultrahigh molecular weight polyethylene. See U.S. 5, 695, 702. While this is more acceptable than 
y= 20 the previous epoxy or urethane method, It is limited in the membranes and resins which one may 
select for use in its method. Unlike epoxy or urethane that have relatively low viscosity and 
therefore flow easily around and between the fibers to be potted, thermoplastic materials are of 
higher molecular weight and higher viscosity and are difficult to cause to fiow around and between 
such fibers. Moreover, even when one is able to achieve some flow, the flow is not unifoma, 
25 leading to inregularities, voids and gaps in the potting. Additionally, these molten thennoplastic 
materials often have detrimental effects on the fibers themselves, causing fibers to collapse, shrink 
or melt. This has led to practitioners to adopt various complicated schemes to overcome these 
problems. 

There exists a class of themnoplastic materials known as perfluorinated thermoplastic 
30 polymers. These materials are known by various chemical terms such as poIy(TFE-co-PFAVE) 
resins ("PFAVE"). These materials are also commonly referred to as PFA, MFA or FEP resins. 
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These materials have the chemical inertness similar to that of PTFE resin, but unlike PTFE resin, 
are thermopiastic and iMerefore capable cf being molded and formed into various shapes easily 
and economicallv. Hollow fibers made from such perfluorinated resins have been made. Such 
fibers and methods for making them are disclosed in U.S. 4, 990,294 and 4,902,456. 

5 None of the methods to date have demonstrated a capability of potting perfluorinated 

hollow fibers with a perfluorinated polymer potting resin. As is typical with such polymers, they 
inherently are difficult to have bond to themselves or other materials. 

A hollow fiber membrane device formed completely of perfluorinated thermoplastic resins, 
including the fibers, potting resin and module components such as the end caps and cartridge 

10 housing would be highly desirable in that it would provide a completely inert system, especially at 
elevated temperatures which would be capable of resisting aggressive or corrosive chemicals and 
organic solvents, which would provide the highest level of purity available as such materials are 
inherently clean and tend not to have a high level of extractables and which because it is fonned of 
thermoplastic materials could be formed relatively easily and efficiently. The present invention 

15 provides such a method and a product made by that method. 

IN THE DRAWINGS 

Figurejjhows a perspective diagram of an apparatus useful in making an an-ay of hollow 
20 fiber membranes in accordance with one prefered embodiment of the present invention; 

Figure 2 is a top view of a finished an^ay of hollow fiber membranes made in accordance 
with the process of Figure 1 ; 

FigureSis a schematic view of an apparatus used in the making of the hollow fiber 
membrane tubesheet according to a prefen^ed embodiment of the present invention; 
25 Figure 4 shows a detailed view, in perspective, showing the spiral winding sealing of a 

tubesheet according to a preferred embodiment of the present invention; 

FiguroJ^hows a perspective view of a device for accomplishing the post-formation heat 
treating step according to a preferred embodiment of the present invention; 

30 
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Figure 6 shows a sectional view of a hollow fiber membrane module in a cartridge housing 

III auuui uai iL/c; vviui a pic^iciitsu diiuwumivxiu yt\^%j\^nK m • wi »i.ii^t n 

SUMMARY OF THE INVENTION 

5 It has been found that by using a perfluorinated resin, in particular a thermoplastic 

perfluorinated potting resin which has a lower peak melting temperature than the membrane and a 
reasonably low melt viscosity, integral potting of the hollow fiber membranes can be achieved. The 
combination of these two characteristics of the potting resin allows for longer contact time between 
the molten resin and the fibers to attain more complete encapsulation and sealing of the fibers 
1 0 without damage to the fibers or collapse of their lumens. An assembled bundle of fibers and 
potting resin are heated to a temperature above the peak melting point of the potting resin and 
^ below the peak melting point of the fibers, in order to cause the potting resin to flow and fill any 
m gaps or voids between the fibers which may be present. Long processing times can be used, if 
% necessary, during this heating step to ensure adequate sealing without risk of fiber damage or 
O 15 lumen collapse. The resultant potted fiber bundle may then be assembled into a cartridge housing 
s made of one or more thermoplastic perfluorinated resins, and sealed with one or more end caps 
- also formed of one or more thennopiastic perfluorinated resins to form an integral all thermoplastic 
ril perfluorinated resin based module. Alternatively, other inert fluorinated resins may be used as the 
% housing or end caps, such as PTFE resin, in order to create an all fluoropolymer module. 
20 It is an object of the present invention to provide a method of fomning a thermoplastic, 

perfluorinated resin hollow fiber bundle comprising the steps of contacting a plurality of hollow 
fibers made of a thermoplastic, perfluorinated resin with a molten themnoplastic perfluorinated 
potting resin wherein the potting resin has a peak melting point below that of the hollow fibers and 
a relatively low melt viscosity so as to allow the potting resin to flow around the hollow fibers to 
25 forni a bundle, cooling the bundle, heating the bundle again to a temperature above the peak 

melting point of the potting resin but below the peak melting point of the hollow fibers for a period of 
time sufficient to create a fluid-tight seal between the fibers and the potting resin. 

It is an object of the present invention to provide a method of forming an all thermoplastic, 
perfluorinated resin hollow fiber module comprising steps of contacting a plurality of hollow fibers 
30 made of one or more thermoplastic perfluorinated resins with a molten potting resIn fTiade of gne or 
more themioplastic perfluorinated resins in order to form a ljundle, the petting fsein hcving 9 ptak 
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melting point below that of the hollow fibers and which is applied to the hollow fibers at a 
temperature below iiie peak rneiling point of the holiow fibers, ceding the bundle, heating the 
himriip tn a temperature at or above the softeninq ooint of the Dotting resin but below the peak 
melting point of the hollow fibers for a period of time sufficient to create a fluid-tight seal between 
5 the fibers and the potting resin. 

It is an object of the present invention to provide an all thermoplastic perfluorinated resin 
hollow fiber module formed by forming a bundle of hollow fibers made of one or more thermoplastic 
perfluorinated resins and potting at least one of the two ends of the fibers with a potting compound 
fonned of one or more thermoplastic perfluorinated resins, cooling the bundle, heating the bundle 
10 to a temperature at or above the peak melting point of the potting resin but below the peak melting 
temperature of the fibers for a period of time sufficient to cause the potfing resin to flow around and 

\0 between said fibers in order to create a fluid-tight seal between the fibers and the potting resin 

removing a portion of the potting compound in order to open the interior of the fibers to the exterior 

^ environment, inserting the bundle into a housing having a first and second end and sealing said 

O 15 bundle into said housing, applying an end cap to the first and second ends of the housing in order 
to form an integral, all perfluorinated thermoplastic hollow fiber module. 

G These and other objects of the present invention will be made clear fi"om the following 

f y description and examples. 

20 DETAILED DESCRIPTION OF THE INVENTION 

A method of making an all perfluorinated, thermoplastic hollow fiber module in accordance 
with the present convention can be accomplished through the use of one or more thermoplastic 
perfluorinated resins, both as the hollow fiber membrane and potting compound as well as the 
25 components of the module itself. 

One aspect of the present invention is to eliminate voids and gaps in the potting material 
via the use of a post-potting heating treatment. This treatment allows for the potting resin to be 
melted such that it flows between the fibers and eliminates any gaps or voids tiiat may exist and to 
allow for adequate bonding of the fibers to the potting materials. 

30 The methO€l of febrlQatins « hollow fiber rn^nitirBn? ddvi^Q aee^mlins ts R Friferred 

fnibpdiment of the pfgggnt invfifiiion bsgins with h iotmkti of (he thir(fiepia§(ie pgrfluorinsigd 
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resin based hollow fiber membranes such as are taught in U.S. 4, 990. 294 and U.S. 4. 902. 456, 

ana co-penaing appiiuauuii uo raitfiimppnuciuuii uv/ 1 u ,uj^ anu w/ 1 mi-u wunuwi; 

the teachings of which are incoroorated herein In their entireties. 
The fibers are then aranged and then fonned into a bundle by applying one or more 
5 streams of molten potting compound, which consists of a perfluorinated thermoplastic resin or 
blend of such resins, to one or more ends of the individual fibers, while such fibers after having the 
stream or streams applied are wound upon themselves or a mandrel to form the bundle. 

The potting compound, the fibers and to extent it may be used, the mandrel, may be made 
of one or more thermoplastic perfluorinated resins such as poly(TFE-co-PFAVE) resins. These 
1 0 resins include poly(tetrafluoroethylene-co-perfluoro (alkylvinylether )) resins, often called by the 
term PFA or MFA or poly(tetrafluoroethylene-co-hexafluoropropylene) resin, often called FEP or 
% blends thereof. When using a poly(tetrafluoroethylene-co-perfluoro(alkylvinylether )) resin, the 

alkyi group is preferably either a methyl or propyl group or blends thereof, 
in Such resins are commercially available. For example, one may use TEFLON® PFA resin 

Q 1 5 available from E.I. duPont de Nemours of Wilmington, Delaware or HYFLON® MFA resin available 

from Ausimont USA of Thorofare, New Jersey or NEOFLON® PFA available from Daikin 
^\ Industries of Japan. 

n| The perfluorinated thermoplastic resin selected for the fibers should have a peak melting 

j point that is greater than the peak melting point of the perfluorinated themaoplastic resin selected 
r 20 for the potting compound . This allows for adequate bonding of the fibers to the potting material 

without detrimental effects to the fiber caused by the temperature of the potting material. 

Fibers may be made from a poty(tetrafluoroethylene-co-perfluoro{alkylvinylether) wherein 

the alkyI group is mainly methyl, such as HYFLON®620 resin available from Ausimont USA of 

Thorofare, New Jersey which has a peak melting point of about 285''C or from a 
25 poly(tetrafluoroethylene-co-hexafluoropropylene) resin, such as TEFLON®FEP 100 resin available 

from E.I. duPont de Nemours of Wilmington, Delaware which has a peak melfing point of about 

270<*C. 

Typically, the potting compound has a peak melting point at least 5 ''C below that of the 
fibers. Preferably, the peak melting point of the potting compound is at least about 10°C below 
30 that of the fibers. More preferably, it has a peak melting point of at least about 25°C below that of 
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the fibers. For example, for fibers formed of a perfluorinated thermoplastic resin such as 
HYFLON® 620 resin, they have a peak melting point of about 265- C. The potiing compound will 
be 2 perfi'JcrjpHted thermoplastic resin '^r blepf^ ^^n'^h rpf;in<; havinn a neak meltina ooint of less 
than about 275°C, preferably having a peak melting point of from about 230°C to about 275*"^ 
5 More preferably, the potting resin has a peak melting point of less than about 260°C. 

Likewise, the potting compound should have a relatively low melt viscosity. 
Typically, the melt flow index(MFI) (MFI as defined by A. S. T. M. D21 15, at 372°C and Skg.load) 
of the perfluorinated thermoplastic resin or resins used in the potting compound should be greater 
than 100g/10 min. Preferably the melt flow index is greater than 150 g/10 min. More preferably, the 
10 melt flow index is greater than 200g/10 min. It has been found that the higher the melt flow index, 
the better the resultant product. A resin or resins may be used which have a lower melt flow index 
than the values described above, however one will find that the process becomes more difficult and 
£0 the seal between the fibers and the potting compound may become incomplete. 

One example of a poly(tetrafluoroethylene-co-perfluoro(alkylvinylether) useful as a potting 
u 15 material is sold as HYFLON£S)940 AX resin from Ausimont USA Inc of Thorofare,New Jersey. It 
5 has a peak melting point of from about 250°C to 260*^0 and a melt flow index of about 1 30g/1 0 
mins.. An example of a suitable low viscosity poly(tetrafluoroethylene-co-hexafluoropropylene) 
III resin useful as a potting compound is taught in U.S. Patent 5, 266. 639, especially those at the 
^ lower end of melt temperatures. 

^■" 20 The following is a description of a preferred method of making and using the present 

invention. 

A flat substantially parallel array of these fibers is prepared. One may do so by forming a 
weave of fibers with the fibers either being the weft or warp and the other component being one or 
more fibers or threads or by forming a tape of fibers, a mat of fibers, or by any other known means 
25 for forming such an an'ay. 

Preferably, the array is fonned according to the teachings of U.S. 5, 695, 702, the 
teachings of which are incorporated by reference herein. According to that reference, the fibers 

are first formed into an array by an-anglng individual fibers substantially parallel to each other. The 
fibers may be spaced apart from each other or if desired, they may be touching each other. Which 

30 arrangement is selected depends upon the packing density desired in the final module. Typically, 
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one wishes to have a packing density of between 40 and 70%, more preferably between 45 and 
65%. Packing density is defined as the ratio, expressed as a percentage, of the total crcss=^ 
bttuiiyiial area cf all the fibers in 3 bundle to thp rmRs-Rectional area of the final potted fiber 
bundle. If the packing density is too low, then filtration efficiency is compromised. If the density is 
5 too high, then there is the danger that incomplete potting will occur or that filtration efficiency will be 
compromised as the fluid will have difficulty reaching the inner fibers of the bundle. 

In order to reduce contamination of the fibers or the finished module, any means used to 
make the an*ay should be confined to areas that will normally be trimmed from the finished hollow 
fiber module. 

10 The an"ay may be fabricated by either winding the length of the an"ay upon itself or upon a 

mandrel. The mandrel, if chosen, is preferably circular in cross section, however other cross 
sections, such as oval, square, rectangular or polygonal may also be used. The circumference of 
m the mandrel is chosen to be an integer multiple of the desired length of the hollow fiber member 
^[f elements which fbmn the finished array. When using the mandrel, it is preferably driven by a 
O 15 mechanical device such as a controller capable of controlling both rotational speed and tension 
f ' applied to the array. The wound hollow fiber membrane array is arranged such that it is fed as a 
O single layer of fibers, with the windings being substantially parallel to each other either in 
riJ contiguous contact with or spaced uniformity apart from one another. 
=t: The an"ay is fabricated by winding a continuous length of hollow fiber membrane 1 1 on a 

u 20 rotating mandrel 12 having a circular cross section as shown in Figure 1 . The circumference of the 
mandrel is chosen to be an integer multiple of the desired length of the hollow fiber membrane 
elements which are to comprise the finished array. The mandrel is driven by a controller 13 
capable of controlling both the rotational speed of the mandrel and the tension applied to the 
hollow fiber membrane. The controller includes a fiber feed mechanism 14 which moves a pulley 
25 15 parallel to the central axis of the mandrel and guides the hollow fiber membrane as it is being 
wound to control the spacing between adjacent fiber segments. The wound hollow fiber membrane 
is arranged in a single layer, with the windings being substantially parallel to one another either in 
contiguous contact with, or spaced uniformly apart from, one another. 

When the appropriate length of hollow fiber membrane 11 is accumulated on th© mandrel 

30 1 2, the controller 1 3 stops the winding operation and one or more strips of an adhesive tapo 22 ( 
Figure 2) are applied to the outer surface of the hollow fiber membrane segments positioned along 

8 
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. the length of the mandrel in an orientation parallel to its axis of rotation and perpendicular to the 
central axes of the individual hollow fiber segments. More than one strip of iape can be used, the 
ciruuimeiejilidi spadfiy tatvvccr, otripc toir.g equal to the desired aylal length of the membrane 
fibers in the array 21 . The tape extends from the first hollow fiber membrane segment wound on 
5 the mandrel to the least and preferably extends about 1 cm. beyond each end of the fiber an^y. 

A cutting guide (not shown) may be used to slit the hollow fiber membrane segments along 
the middle of the entire length of the tape 22 such that the hollow fiber membranes 1 1 remain 
joined together by the now halved strip of tape. In this manner, one or more hollow fiber 
membrane an-ays 21 are produced, with the fiber elements being secured to one another at their 
1 0 ends by the tape thereby making it easily removed from the mandrel 1 2. It should be noted that, in 
this discussion, the edges 23 of the rectangular hollow fiber membrane an-ay 21 are defined as the 

z - 

^ two surfaces fomied by the end portions of the individual hollow fiber membrane elements 
f 0 comprising the aaay; the ends 24 of the an*ay are defined by the outermost surfaces of the first and 
last hollow fiber membrane elements in the array. Figure 2 shows in the plan view an an'ay fomied 
C^-i 1 5 in accordance with the above procedures. In cases where one fiber an'ay does not contain a 
I sufficient number of hollow fibers to fabricate a hollow fiber membrane module of the desired 
^\ membrane area, the arrays may be spliced together end-to-end by means of an adhesive or other 
f 11 bonding mechanism to form a larger array. Any number of an^ays may be so spliced together in 
2; the manner described above to form a larger anray having tape extensions at the edges of both 
20 ends of the array. 

The next operation in the fabrication of a hollow fiber membrane module is the winding of 
the fiber array into a bundle and the corresponding fonnation of a pair of tubesheets 43 at one or 
more of the edges 23 of the array 21 . This process is shown schematically in Figures. 3 and 4. An 
extruder, preferably a single screw extruder, 31 is used to feed a thermoplastic sealing polymer to 
25 a dual slot extaision die 32 which produces two polymer extnisions 35 in the form of a stream. A 
suitable length of themnoplastic tube 41 is mounted on a removable winding mandrel 42 positioned 

below the extrusion die, with the rotational axis of the mandrel being parallel to a line connecting 

the two outlets of the extrusion die. Stepper motors (not shown) are used to adjust the speed of 

rotation and distance between the mandrel and the die. A set of gas heaters 33 mounted on a 
30 retractable slide (not shown) is used to preheat the tube 41 prior to the fabrication of the 
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tubesheets. The functions of the various elements described above are regulated by a 
programnnable, microprocessor-based controiier 34. 

Ir, order to rr.air.tain. the n^.olten thfirmnniastic oolvmer extrusion 35 from the die at a 
uniform tennperature, it is preferred to operate the extruder 31 at a constant speed. Maintaining a 
5 uniform fiber spacing and tubesheet width requires that the fiber feed rate remain constant and that 
the distance between the extrusion die and contact point of the polymer extrusion and tubesheet 
43 remain constant. The previously described controller 34 in conjunction with the apparatus 
discussed above accomplish this result with feed-back control mechanisms known to those skilled 
in the art, 

1 0 Before the winding of the array 21 and the formation of the tubesheets 43, the tube 41 

must be pre-heated using the heaters 33. This step is necessary to obtain a good bond between 
^ the tubesheet and the tube. Rotation of the winding mandrel 42 and the tube is begun and the gas 
% heaters are activated such that a hot gas stream impinges on the portions of the tube where the 

tubesheets will be fonned. After a suitable time, the heaters are removed and the polymer 
U 1 5 extrusions 35 are applied to the lube. 

" ' Following the accumulation of approximately a one-half turn of the polymer extrusions 35 

Q on the tube 41 , the leading edge of the hollow fiber membrane an'ay 21 is positioned under and 
?i 5 parallel to the tube with the adhesive side of the extended strip of tape 22 facing the tube. The 
jz tape is then brought into contact with the tube outboard of the tubesheets 43 and allov^red to wind 
u 20 up on the tube as the rotational speed and position of the winding mandrel 42 and tube are 

adjusted by the process controller 34. A slight tension is maintained on the hollow fiber aray to 
keep the fibers in contact with the polymer extrusions. As the trailing edge of the an'ay is wound 
up, the tape extensions are fastened to the previous fiber layer to fomn a fiber bundle 44. 
Application of the polymer extrusions may be terminated after the entire aaay is wound about the 
25 mandrel. Alternatively, the tubesheets may be built up to a larger diameter depending on the 
requirements of the rest of the module assembly process. In this case, the rotation of the winding 
mandrel continues as the tubesheets are allowed to cool. 

After fomnation and cooling of the hollow fiber bundle, a post-fomiation heating step is 

performed. In this step, the potted ends are heated to 8 temperature below the peak melting point 
30 of the hollow fiber membranes. The temperature selected is above the peak melting point of the 
potting resin, but below the peak melting point of the hollow fiber membranes. For example, the 
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heating temperature may range from 250''C to SOO'C. An alternative means for describing this 
temperature is that it should be at least 10**C below the peak melting point of iiie fibers, preferabiy 
dt iyciai tC'^C and ".cro preferably, at least 25^ below the peak malting point of the fibers. This 
step causes the potting material to melt, and flow between the fibers in order to eliminate any voids 
5 or gaps which may exist. One advantage to using the post-formation heating step is that the 
criticality of the initial extmsion step is not as important as the post-formation heating step allows 
for the elimination of any voids formed during the extrusion step. This is of particular interest and 
importance in that the extrusion step often is very slow and laborious. 

The time required for the post-formation heating step will vary widely depending upon 
1 0 such factors as the peak melting point of the potting compound and the fibers, the viscosity/melt 
flow index of the potting compound, the perceived level of voids or gaps which must be eliminated, 
€1 etc.. Typically, the process requires from about 1 hour to about 24 hours. It has been found that 
t^i the longer one is able to perfomi the heating step, without damage to the fibers, the better the 
4f result. Preferably, the heating step occurs from about 3 to about 12 hours, more preferably from 
o 15 about 5 to about 8 hours. 

l^"' Preferably, the heating step occurs with the tubesheet in a vertical orientation with one end 

O being treated at a time. Further, the end or ends may be treated in a horizontal orientation provided 
f n that little or no slumping occurs. This is particulariy possible with higher viscosity or lower melt flow 
:t: index potting compounds. Preferably, the heat treatment occurs prior to the fomiation of the 
U 20 filtration cartridge. Alternatively, the heat treatment may occur after the tubesheet has been 
inserted into the housing or end caps. In this embodiment, the heat treatment acts both as a 
mechanism for removing any gaps or voids and as the sealing mechanism for attaching the bundle 
to the housing or end caps. Additionally, while it is preferred that the heating step occur before the 
lumens of the fibers are opened, one can perform the step after the lumens have been opened 
25 provided that some means is used to maintain the opened ends of the lumens. 

Figure 5 shows a prefen-ed embodiment of thd po«t-formatlon heat treatment, As shown, 
one end 43A of the tubesheet 43 is placed into a cup-like holder 50 which has a depth and 
diameter about the same as the potted end 43A. The holder 60 Is mounted Into a recess 51 
formed in a metal heating block 52. The block 52 is heated with one or more electrical heating 
30 bands 53, The holder 50 is preferably made of a thermally conductive material, such as metal or 
ceramics may also be used. 
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Alternatively, one may use other means of providing the heat treatment. For example, one 
may use an oven inciuding but iimiied to radiant, convection of rnicrowave ovens in iieu of the 
holder/block arrHngement ?.bovf^ thp nf a hnldfir or holders in an oven or other heatinq means 
may be desirable. The holders contain the area into which the potting material may flow. This 
5 concentrates the flow to the areas between the fibers. Additionally, one may use two holders at the 
same time in order to treat both ends of the tubesheet simultaneously whether the heating is via a 
heating block aaangement. an oven or other well known means in the art. 

Either one or both of the end portions of the sealed fiber bundle can be trimmed to expose 
the fiber lumens and further machining may be performed to provide a means for sealing the fiber 
10 bundle into a suitable housing or the fiber bundle may be contoured to provide details suitable for 
thermoplastically bonding it to the components of a pressure housing of the same or similar resin 
material in order to produce a hollow fiber module. 
JJJ Figure 6 shows the details of the fiber bundle 44 and conBsponding tubesheets 43 

(labeled in this figure as 43b and 43f to represent the bottom and top orientations shown in the 

I, i"\ 

TV.: 

n 15 drawing) after the postheating step which have been assembled into a hollow fiber module. 

Preferably, this module is fomied of the same resin as either the hollow fibers or the potting 
C=;l material in order to create an all perfluorinated resin device. Preferably, this can be accomplished 
ri f by employing conventional methods of fusion bonding of plastic components. Alternatively, the 
f housing may be made of a similar and compatible resin such as PTFE. However, when using such 
20 a resin, especially PTFE where the resin is not thermoplastic, other means of sealing the tubesheet 
to be housing, such as 0-rings or mechanical seals, must be used. After fabrication of the bundle 
44 is completed, the bottom tubesheet 43b is bonded to an inside cap 71 . During use, the filtrate 
collected at that tubesheet is directed to a top end cap 72 through the tube 41 . The housing shell 
and the top tubesheet 43t of the bundle are simultaneously bonded to the top end-cap. Finally, an 
25 outside end-cap 73 is bonded to the bottom of a housing shell 74. Suitable connectors are also 
added to provide means of connecting the module to a feed and to an effluent line. By these 
means an integral, module free of 0-ring seals can be produced.. 

Although the embodiments heretofore described have involved the fomiation of an array of 
hollow fiber membrane elements prior to sealing with a molten themrioplastic, the principles of the 
30 present invention are equally applicable to the fomnation of an anray one fiber at a time. In this 
instance, a mechanical "pick-and-place" mechanism would be employed to a single fiber to a 
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location beneath an extruder such that the polymer extrusion simultaneously creates a seal and 
forms the anray by repeating this process until an array of desired size is created. 

VdhULiS other coM^gurctions of pre-^nnRtnir.ted fiber anravs are also possible. For 
example, the fibers do not have to be positioned perpendicularly to the longitudinally axis of the 
5 anray. Fiber array bundle arrangements may also vary in that single-ended tubesheets for short 
length membrane modules may be fabricated as m\\ as multiple tubesheets. In the former case, 
the hollow fiber elements must be sealed at the opposite end of the tubesheet. In the latter case, 
intermediate tubesheets, used primarily as support members, may or may not form integral seals 
around the hollow fiber membranes for particularly long modules. Furthermore, multiple bundles 
10 may be produced simultaneously using integrally sealed, multiple tubesheets which are 

subsequently cut to form individual fiber bundles. Still further, planar laminated an*ays are also 
contemplated to be within the purview of this invention, in which case rectangular fiber an'ays may 
Crj be mounted on top of one another. The use of woven arrays is also possible. 
^ An alternative method of making a product according to this invention is to iom a mat or 

0 1 5 flat array of fibers using the thermoplastic, perfluorinated resin as the tape binder for the an^y and 

1 then rolling the array into a cylindrical or other desired shape and subjecting the ends to the post- 
p J formation heating step to fonm an integral, sealed tubesheet. For example, a mat of fibers in the 
rU form of an array would have a stream of potting material extruded along two of its portions of its 

length, preferably in parallel and spaced apart from each other at a desired distance equal to that 
20 of the finished tubesheet. Alternatively, a mat can be formed using the potting material in the form 
of a solid tape which is woven between the adjoining fibers. Further, one can adhere or secure 
individual fibers to two parallel strips of thermoplastic, perfluorinated resin. 

With regard to the manufacture of a finished module, other means for sealing the bundle to 
the module may be employed, as for example, with the use of 0-rings (preferably fonned of a 
25 perfluorinated resin such as themnoplastic perfluorinated resin or PTFE resin,). 

Additional modifications will become apparent to those of skill in the art without departing 
from the scope of the present invention as defined in the accompanying claims. 



30 
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Example 1 

Microporous thermoplastic perfluorinated hoitow fiber membranes made from Ausimont 's 
tviFA 520 ic&li i according to the teachings of US Paf^^nts 4_ 294 and 4. 902, 456 were used 
for potting in this example. The peak melting temperature of the fibers as measured by differential 
5 scanning calorimetry (DSC) was 289°C. The outside diameter of each fiber was 1000 microns and 
the inside diameter was 600 microns. Porosity was approximately 65%. The potting resin used 
was a thermoplastic perfluorinated resin available from Ausimont as MFA1 9405/1 3 resin. The 
peak melting temperature of this resin was 258*'C and its melt flow rate (MFI at 5kg, 372"C as 
described by ASTM D 2116) was 124gyi0 minutes. 
1 0 Approximately 90 strands of the above fibers, each being about 1 5 cm in length, were 

arranged in a parallel array and taped together near both ends of the fiber to fonn a fiber mat. A 
method similar to that described in U.S. 5, 695, 702 was used to extrude two molten streams of the 
m potting resin described above in a perpendicular direction onto the mat. The streams were spaced 
1; about 9 cm apart and were each about 2.5 cm in width having a thickness of about 0.075 cm. The 
C3 15 stream die temperature was set at 335X. The mat/molten resin streams combination was spirally 
[ wound on a poly(tetrafiuoroethylene-co-hexafluoroprpylene) tube into a cylindrical shaped bundle 
H vwth a pair of potted ends. It was observed that the molten potting resin also bonded to the FEP 
fli tube. 

E After the potted ends were cooled, the bundle was removed and inspected. One could 

20 visually observe a number of voids and bubbles in the potting surrounding the fibers. Adhesion 
strength was excellent. The fibers could not be pulled out of the potting compound. 

Folloviring inspection, excess fibers and tubing beyond the potted ends were trimmed off to 
be readied for post-extrusion heat treatment. One of the ends was then placed in a cylindrical cup- 
shaped metal holder with depth and diameter approximately the same dimensions as the potted 
25 end. The holder with the potted end was then fitted into a cut-out in a metal heating block. The 
block was healed with electrical heating bands and its temperature was controlled at 280*C> The 
sample was heated for about one hour at that temperature. This procedure was repeated for the 
opposite end of the bundle. After completion of the post-extrusion heat treatment, the ends were 
machined to until the lumens of the fibers were exposed. The fibers were observed to be bonded 
30 together on their shell side by the potting resin and no visible voids were observed. Adhesion 
strength was the same as before the heating treatment. 
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The potted sample was tested for potting integrity by placing and sealing both ends via 0- 
rings inside a dear piastic housing, iso-propyi-alcohol (IFA) was used to wet the fibers and fill the 
iriside of hnirciinn makinn siirfi that ali of the Dotted areas were covered with IPA. Both ends of 

WW 

the housing were capped with one of the caps having an inlet for pressurized air. Air pressure was 
slowly introduced and increased via the inlet on the one end. Simultaneously, the inside of the 
holder was examined visually for air bubbles originated from the potting area. No bubbles were 
observed at either end up to at least 15 psi, indicating integral potting had been achieved. 

What we claim: 
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